Abstract
proportion is for Heating, Ventilating and Air-Conditioning (HVAC). Therefore, much research has 42 focused on energy savings in HVAC systems. Among their several types, the air-cooled chillers are 43 responsible for 60% of the electricity used for air-conditioning which can amount to 25-40% of the 44 total electricity consumption of an air-conditioned building [1] . Furthermore, air-cooled chillers 45 together with their air handling units remain a popular choice for industrial and commercial air 46 conditioning due to their easy installation, simplicity of operation and lower maintenance costs 47 compared to water-cooled chillers. Therefore, energy efficiency improvements for these chillers can 48 significantly reduce buildings' power consumption. 49 The 
Mathematical Models

103
The schematic of the central cooling plant is shown in Fig. 1(a) while the log pressure-enthalpy
104
(p-h) diagram for the air-cooled chiller using the R134a refrigerant in steady-state conditions is shown 105 in Fig. 1 
where coefficients a 0 to a 4 are constant to be estimated based on the collected performance data of 134 the chiller. 
Variable Speed Rotary Compressor
136
In this study a steady-state polytropic compression is considered, assuming the compressor's 137 speed reaches its specified speed instantaneously. In the variable speed rotary compressor, the speed 
where the ten coefficients b 0 to b 9 are constant to be determined by curve-fitting of the 154 experimentally-collected data. 
Electronic Expansion Valve (EEV)
156
The expansion valve is a refrigerant flow control device that adjusts the quantity of the liquid where constant parameters a 5 to a 9 are evaluated by curve-fitting the chiller performance data. 174 The power consumption of the air-cooled condenser fan P cf is proposed as: 
The speed of supply fan can be controlled to improve the whole cooling coil's performance. 
where coefficients d 0 to d 9 are constant values and can be determined by curve-fitting the real data. Here, we apply the classical Lagrange subject to equality constraints to minimize the above function. 210 Since vector s defines the search direction, the unnormalized gradient projection vector U(X) used for 211 updating X is as [23]:
where P is the projection matrix defined as: Table 1 . 
Experimental Set-Up and Statistics
273
The proposed optimization process is applied on the existing mini air-cooled chiller and ducted Table 2 . 278 High precision sensors/transducers were used for measuring all operating variables.
279
Manometers were used for measuring the condenser and supply air flow rate. The temperature sensor for the supply and return air is of platinum resistance type with accuracy ±0.1°C. The refrigerant mass 281 flow rate passing through the EEV is measured by a Coriolis mass flow meter with accuracy ±1%.
282
The ambient air temperature is monitored by a digital thermometer of precision ±0.8°C. Water 
Results and Discussion
316
Having described the specifications of the plant and developed the strategy to obtain the optimal 317 set-points for control variables, this section is devoted to the results and discussion on the electricity 318 saving potential and thermal comfort ability as achieved from using the proposed optimization 
For a suitable value of b , the next point is determined as:
The optimal descent in the direction of 0 U is then calculated as: controlled variable on the system performance. As depicted in Fig. 4(a) , both the cooling load and 358 chilled water temperature have a significant effect on the optimal refrigerant mass flow rate. Further 359 increasing either one of the variables will increase the optimal refrigerant flow rate. Fig. 4(b) shows 360 that the optimal supply air temperature is more sensitive to variations of the building's cooling load 361 than to changes in the refrigerant flow rate. In addition, the optimal value of the supply air 362 temperature decreases with an increase of both the building's cooling load and chilled water 363 temperature. Moreover, Fig. 4(b) illustrates that the optimal supply air temperature should be lowered 364 while the refrigerant flow value should be increased with a larger value of the cooling load.
365
Nevertheless, the results show that changes in the supply air temperature do not have a considerable 366 effect on the condenser fan power.
367
A high sensitivity to the building's cooling load is attributed to the increasing overall power usage 368 in the sense that a cooling load's sensitivity above unity implies an increase more than 1% in the total 
Energy Analysis
377
The optimal set-points obtained from the proposed gradient projection algorithm are then fed to 378 TRANSYS in order to compute the energy usage of the system components. These set-points of the 
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